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The absorption of J/  by comovers in the forward rapidity region is predicted to be 
azimuthally anisotropic as compared to an isotropic Glauber absorption.  In the framework 
of a fast simulation we investigate the possibility of measuring this anisotropy within the 
ALICE experiment for the J/  ’s detected in the Di-Muon Spectrometer using the event 
plane provided by the Photon Multiplicity Detector(PMD).  The effect of limitations in the 
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1 Introduction
The study of suppression of the yield of J/ψ in a deconﬁned phase of nuclear
matter requires a clear understanding of absorption in normal nuclear matter.
The J/ψ may be absorbed in nuclear matter either by the nucleons or by the
comovers. The relative amount of Glauber versus comover absorption is not
known. The azimuthally asymmetric nuclear overlap zone in ultra-relativistic
heavy ion collisions aﬀects the two kinds of absorption diﬀerently. In the
forward rapidity region, where the DiMuon Spectrometer (DµS) is situated in
ALICE, the Glauber absorption is not likely to contribute to the azimuthal
asymmetry in the absorption [1]. However, recently it has been argued that the
eﬀect of comover absorption is to produce an yield of J/ψ that oscillates with
respect to the reaction plane of the event [1]. The absorption is maximum along
the reaction plane, and the magnitude of azimuthal anisotropy in the yield is
predicted to be about 5-20% depending upon the centrality, size and energy of
the colliding nuclei. The magnitude increases for increasing colliding energies.
Any observation of anisotropy in the azimuthal distribution of J/ψ will help
to resolve the relative contribution of Glauber v/s comover absorption.
An asymmetric emission of particles in the azimuthal plane can be de-
termined to a good accuracy using the techniques of Fourier analysis. This
enables a determination of both the magnitude of the anisotropy and also the
preferred direction in the event(the event plane). One can determine this pre-
ferred direction of emission by measuring the azimuthal angles of the emitted
particles. The estimated preferred direction may ﬂuctuate about the actual
direction within an event due to ﬁnite particle multiplicity.
The general shape of the azimuthal distribution in any rapidity slice is an
ellipse. A shift in the centroid may arise either due to a directed ﬂow, a net shift
of momenta in the rapidity region in question, or due to elliptic ﬂow, a prefer-
ential axis denoting the major axis of the ellipse. The observed anisotropy at
RHIC energies [2], and the extrapolation of the behaviour of anisotropy with
increasing energy suggest the possibility of event plane determination in the
ALICE experiment.
It has been shown [3] that the Photon Multiplicity Detector (PMD) in
ALICE can provide an estimate of the event plane using measured photon
distributions. The PMD has full azimuthal coverage in the pseudorapidity
region1 1.8 ≤ η ≤ 2.6 and is located on the side opposite to the DµS. It is
designed to take data at the highest rate possible in ALICE, combining the
trigger rates for TPC and DµS. This makes it specially attractive as a sub
detector to provide the event plane necessary for the study of anisotropy in
1The pseudorapidity region of the PMD has subsequently been changed. Its eﬀect will
be discussed in Section 4.
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J/ψ absorption. In the present work we explore the possibility of measur-
ing the azimuthal anisotropy in J/ψ absorption using the event plane from
the PMD applying a fast simulation method. We study the sensitivity for
situations where the anisotropy, multiplicity, production cross-section of J/ψ
and the number of background muons change. The J/ψ yield from decays of
higher mass mesons and resonances are likely to dilute the anisotropy signal.
These eﬀects have been studied. The event plane estimated by the PMD is
biased because of the decay. The scattering in upstream material also causes
uncertainty in the event plane. The role of these eﬀects are also investigated.
The fast simulation technique is described in Sec. 2 and the analysis
procedures are described in Sec. 3. We present the results in Sec. 4 and discuss
the limitations of the procedure along with scope for future investigations. A
summary is presented in the ﬁnal section.
2 Simulation
A complete determination of the anisotropy parameters in diﬀerent regions
would require a measurement of the three-dimensional momentum distribution
of all the particles. Several experiments determine the anisotropy parameters
in azimuthal angle distributions (dN/dφ) of produced particles [4, 5, 6, 7].
For a fast simulation we consider an event consisting only of pions, charged
kaons, muons and J/ψ’s. We generate azimuthally anisotropic event shapes
for pions and kaons and determine the event plane using the decay photons
within the acceptance region of the PMD. We also generate anisotropic az-
imuthal distributions of J/ψ’s with respect to a given event plane direction
and reconstruct the number of J/ψ’s from the invariant mass spectra of de-
tected muon-pairs within the acceptance of the DiMuon Spectrometer. This
number is obtained in diﬀerent azimuthal regions and is subsequently analysed
to obtain the anisotropy parameters.
2.1 Event Generation
A central (Hijing) Pb+Pb event corresponds to a charged pion multiplicity of
about 2400 in the pseudorapidity region 1.8 to 2.6 for a maximum charged
particle pseudorapidity density of about 6000. To study the eﬀect of varying
centrality, we vary the multiplicity in this region. The corresponding multiplic-
ities of the kaons are determined using the relative normalisation as obtained
from reference [8]. The η and pT distribution of pions and kaons have been
taken from the same reference and the results of simulation are shown in Fig. 1.
The kinematic variables for all particles have been generated in the region 0
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to 6 in pseudorapidity (rapidity for J/ψ’s) and 0 to 8 GeV in pT .
The multiplicity distributions of charged pions and photons within the
pseudorapidity region 1.8 to 2.6 are shown in Fig. 2. The charged pions and
kaons are allowed to decay within 1.3 metre length, the distance before the
forward absorber. The only decay channel considered here is the decay into
muons. Any eﬀect of punch through pions and kaons is not considered.
The azimuthal angles of all pions and kaons are assigned according to the




[1 + 2v1 cos(φ− ψ1) + 2v2 cos 2(φ− ψ2)] (1)
where ψ1 and ψ2 deﬁne the direction of the shift of the centroid of the ellipse
from the origin and the orientation of the major axis of the ellipse respectively.
v1 is the magnitude of the shift of the centroid and v2 is a measure of the diﬀer-
ence in the major and the minor axes of the ellipse. v1 and v2 denote the ﬁrst
order and the second order ﬂow components (or the anisotropy parameters),
termed as directed and elliptic ﬂow. For the present work, we assume ψ1 =
ψ2. Though the anisotropic absorption of J/ψ is predicted only for an elliptic
deformation [1], we study the eﬀect of any possible directed ﬂow. This does
not aﬀect our results for elliptic ﬂow of pions and kaons, or the anisotropic ab-
sorption of the resonance. The azimuthal angles of the J/ψ have been assigned
considering that the absorption is maximum along the direction of the major
axis of the ellipse.
The Brµ+µ− · σJ/ψ of 11.7 mb (per hemisphere) gives 1.5×10−2 J/ψ per
central event in Pb + Pb collisions at the LHC energy. The pT distribution of
the J/ψ is taken from Ref. [9]. The kinematic distributions of our simulation
are shown in Fig. 3. The relative geometrical acceptance of resonance detection
in the kinematic region 2.5 < η < 4.0 is 37%. Fig. 4 shows the acceptance
for diﬀerent cuts on the decay muons.
2.2 Background Muons
The muons from the decay of pions and kaons contribute to the background
of the invariant mass spectra. The other contribution to the invariant mass
spectra comes from the uncorrelated muons from charm and beauty decays.
Contribution to the spectra from correlated muons from these decays and from
Drell Yan processes is small in the J/ψ mass region. To incorporate the ef-
fect of muons from these sources, we have added a certain number of positive
and negative muons. Their number is a free parameter and is proportional to
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the total multiplicity in the event. These muons have been generated with a
uniform pseudorapidity distribution in the acceptance of the DµS. The multi-
plicity distributions of these muons are shown in Fig. 5a and Fig. 5b. Their
correlation is shown in Fig. 5c and the pT distribution is shown in Fig. 5d.
The pT distribution was inspired by the pT distribution of the muons from the
semileptonic decays of cc and bb. The aim of the procedure is to reproduce
the average number of muons in the pseudorapidity interval 2.5 to 4.0 as a
function of the cut pt > p
min
t , as in Ref. [10]. Our result is shown in Fig. 6,
which is in a reasonable agreement with the corresponding ﬁgure in Ref. [10].
This parametrised addition has the advantage that one can vary it with ease
and study the eﬀect of its changes on the signal to background ratio for the
J/ψ yield, and ultimately on anisotropy studies.
2.3 Detector Eﬀects
Detector imperfections and the eﬀect of actual environment in the ALICE
experiment have been taken into account within the fast simulation framework
in the following manner :
2.3.1 PMD
The hits on the PMD arise from both photons and charged hadrons. Af-
ter ﬁltering hadrons using appropriate algorithms, the remaining hits, called
“γ-like”, contain 60% decay photons. The azimuthal distributions of these
photons reﬂect the anisotropy present in parent π0. Of the 40% contaminants,
half are assumed to be initial charged pions, which have the same anisotropy as
the neutral pions, and the remaining half are secondaries likely to be randomly
distributed. The generated events contain γ-like hits having suitable mix of
charged particles and decay photons according to the above proportion.
The eﬀect of upstream material, which results in scattering of the incident
particles, has been investigated for the coverage of the PMD in Ref. [3]. This
eﬀect is incorporated in the fast simulation by allowing all particles to change
direction so that the ﬁnal η − φ diﬀers from the original values by an amount
δη, δφ given by a Gaussian distribution. Two cases are considered.
1. Moderate scattering : σδη = 0.1, σδφ = 10
◦




We have assumed a muon track reconstruction eﬃciency in the DµS to be
0.9. The eﬃciency has been varied between 0.8 to 1.0 and its eﬀect on the
sensitivity of the analysis has been studied. The mass resolution of the J/ψ
has been taken to be 60 MeV.
3 Analysis
The framework of analysis is as follows:
1. Event Plane Determination: We determine the event plane using γ-like
hits in the PMD. For comparison we also determine another event plane
using π± within the acceptance of the PMD.
2. Invariant mass analysis : We obtain the resonance yield after subtracting
the background from the invariant mass spectra. The azimuthal plane is
divided in twelve bins with respect to the event plane direction, and the
resonance yield is obtained in diﬀerent azimuthal regions.
3. Extraction of J/ψ anisotropy : Using the yield in the diﬀerent azimuthal
regions, we deduce the anisotropy parameter in the resonance emission.
These steps are described in detail below.
3.1 Event Plane Determination










where n is the order of the event plane and the sum runs over all particles in
the event. This event plane is determined both for Nγ−like and for Nπ± in the
acceptance region of the PMD.
Since the estimated event plane ﬂuctuates, we also determine the correc-
tion factor for the event plane determination, termed the resolution correction
factor (RCF). Experimentally, RCF is obtained using the subevent method
described in [14]. Here every event is divided randomly into two subevents
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of equal multiplicity and the angle ψn is determined for each subevent. This
enables a determination of a parameter χn directly from the experimental data
using the relation [14, 15]:












n are the estimated angles
of the two subevents (labeled a and b) and the numerator on the left denotes
the number of events having the angle between subevents greater than π/2n.
The parameter χn is then used to determine RCF according to the relation
given in the Ref. [14].
For each order and for both Nγ−like and for Nπ± , we have three event planes
corresponding to: no scattering, moderate scattering and large scattering as
deﬁned in section 2.3, making in all twelve event planes. The RCF is obtained
for each of these 12 cases, and provides a correction for the event plane uncer-
tainties due to ﬁnite multiplicity ﬂuctuations, decay and detector eﬀects. The
goodness of this correction factor can be obtained by comparing it with the
expected deviation, since we know the actual event plane in the simulation.
Table 1 shows the expected and the estimated value of the event plane
resolution correction factor for the various cases for the ﬁrst and the second
order event plane.
Table 1: Estimated and expected values of the event plane correction factors
for both orders. Mean multiplicity in PMD is 2400 and v1 = v2 = 0.05
Order Case Event plane using Estimated RCF Expected RCF
1 No scattering π± 0.953 ± 0.001 0.956
γlike 0.882 ± 0.002 0.878
Moderate scattering π± 0.952 ± 0.001 0.955
γlike 0.880 ± 0.002 0.871
Large scattering π± 0.948 ± 0.001 0.950
γlike 0.867 ± 0.002 0.858
2 No scattering π± 0.955 ± 0.001 0.956
γlike 0.836 ± 0.002 0.831
Moderate scattering π± 0.948 ± 0.001 0.949
γlike 0.812 ± 0.003 0.808
Large scattering π± 0.921 ± 0.001 0.922
γlike 0.747 ± 0.004 0.736
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The estimated values are used for correcting the values of J/ψ anisotropy.
The agreement of the estimated and the expected values allow the determina-
tion of an accurate correction factor from experimental data.
3.2 Invariant Mass Analysis
The mass of the resonance is smeared to incorporate the estimated mass res-
olution of 60 MeV. To reduce the combinatorial background during the con-
struction of invariant mass spectra, we use the following cuts on the muon
pT :




t = 1.0 GeV
2. For a muon pair, pmint + 0.5 p
max
t > 2.0 GeV
Both cuts increase the signal to background ratio. With these cuts, the
invariant mass spectra for unlike sign muons and the like sign muons are shown
in Fig. 7. The yield of J/ψ is obtained from the invariant mass spectra in the
following manner:
1. The like sign spectra is ﬁtted to a function. The unlike sign spectra is
then ﬁtted to the function so determined and a Gaussian.
2. The unlike sign spectra is ﬁtted to a polynomial + a Gaussian and the
yield of the J/ψ determined.
Both methods give similar results. For further analysis, we use the method
1 above. Fig. 7 also shows the ﬁt to the background spectra and the signal
spectra. The region of the ﬁt is 2.76 GeV to 3.42 GeV corresponding to
approximately ±5σ around the peak.
The ﬁnal results are shown for 106 seconds of running, corresponding to
4×108 central events.
Fig. 8 shows the S/B ratio within ±1σ as a function of the number of
added muons. The ﬁgure also shows the corresponding signiﬁcance.
3.3 Anisotropy in J/ψ Emission
To be able to look for a possible anisotropy in the emission of J/ψ’s we now
have to obtain the yield in diﬀerent azimuthal regions with respect to the event
plane. The azimuthal angle of every dimuon is determined. The invariant mass
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spectra of the dimuons are divided in twelve azimuthal bins with respect to
the event plane, and the yield of the J/ψ’s determined in every bin.
The anisotropy parameters are determined by ﬁtting the azimuthal dis-
tribution of the J/ψ to Eqn. 4 when determined using ﬁrst order event plane
or to Eqn. 5, when determined using second order event plane.
r(φ) ∝ 1 + 2v′1 cos(φ− ψ1) + 2v′2 cos 2(φ− ψ1) (4)
r(φ) ∝ 1 + 2v′2 cos 2(φ− ψ2) (5)
Since the estimated event plane diﬀers from the actual event plane, the
values of v′n are expected to be systematically lower by a factor 〈cos n(ψn −
ψestn )〉, where the average is over all events for a particular sample. This factor is
the resolution correction factor (RCF) which has been determined as described
above. The values vn that represent the magnitude of the ﬁrst (n =1) and
second (n = 2) order anisotropy, for the sample of events, are obtained by
v′n/RCF.
4 Results and Discussions
4.1 Anisotropy in the background spectra
The background in the dimuon invariant mass spectra is not expected to show
any azimuthal anisotropy because (i) though the inclusive muon distributions
do carry the anisotropy signature of the parent particles, their combination
into dimuons loses the azimuthal anisotropy, and (ii) with the pT -cuts in our
analysis, the number of muons from K and π decays is smaller than the number
of ‘added’ muons which do not have any azimuthal anisotropy. (Their relative
numbers depend upon the average number of ’added’ muons). However, it is
necessary to investigate any possible azimuthal dependence of the background
spectra in order to derive the azimuthal anisotropy in J/ψ emission.
The shape of the background spectra is obtained from a ﬁt to the entire
event sample. The spectra in twelve azimuthal bins are shown in Fig. 9. These
have been obtained in the simulation using unlike sign muon pairs except
for the correlated pairs from resonance decay. To look for any azimuthal
dependence in the shape of the background spectra, we count the total yield
in bins of 300 MeV in diﬀerent azimuthal regions and ﬁt these to Eqn. 4 for
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the ﬁrst order and to Eqn. 5 for the second order. The azimuthal regions
have been chosen with respect to the event plane obtained from Nγ−like. This
is done for ﬁve overlapping mass bins in the region 2.73 GeV to 3.48 GeV
corresponding to ±7σ around the resonance mass, including the J/ψ signal
region. The azimuthal distributions along with the resulting ﬁts and the vn
values are shown in Fig. 10. These deﬁne the sensitivity of the analysis and
put limits on the value of vn that may be observed. The values are consistent
with zero verifying that there is no azimuthal dependence of the background
spectra.
4.2 J/ψ Anisotropy
Fig. 11 shows the mass spectra and the ﬁtted distribution where the spectra
have been obtained with respect to the second order event plane of Nγ−like in
the PMD. The J/ψ yield has been obtained within ±1σ ( for better S/B) and
the region of the ﬁt is ± 5.5 σ. The yield in diﬀerent azimuthal bins enable
a determination of the anisotropy parameters. The set of parameters used in
simulation are summarised below:
J/ψ yield per central event 1.5×10−2
The average number of added muons 〈nµ〉 5.1
in the DµS acceptance
Eﬃciency of muon track reconstruction 0.9
Mass resolution of the resonance 60 MeV
Initial anisotropy (v1, v2) 0.05
Charged particle multiplicity in the PMD region 2400
The statistical errors on the values of vn are up to 7%. Extending the
ﬁt region of the background (and the signal spectra) tends to increase the
observed ﬂow values. The increased region of the ﬁt has a more convex shape
in the region of the peak. The eﬀect is to decrease the observed yield by a
constant amount in every bin. This changes the relative proportion in the
various azimuthal bins thereby changing the observed values of anisotropy
parameters. The systematic error from this depends upon the systematic error
on the yield of J/ψ.
The results of analyses and the subsequent ﬁt to equations 4 and 5 are
shown in Fig. 12. The ﬁrst row shows the result with respect to the ﬁrst order
event plane determined using Nγ−like and the three ﬁgures correspond to no
scattering, moderate scattering and large scattering. The second row compares
the same result with the event plane determined using charged particles. The
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third and the fourth rows are for the second order event plane using Nγ−like
and Nπ± , respectively. The vn values on the ﬁgures have been corrected for by
the resolution correction factor. The results of our analysis are summarised in
Table 2.
Table 2: vn values characterising J/ψ azimuthal distribution. The values in the
ﬁrst two columns have been obtained with respect to 1st order event plane. The
last column shows the values as obtained with respect to the 2nd order event
plane. These results are for 〈nµ〉 = 5.1, eﬃciency of muon track reconstruction
= 0.9 and ∆M = 60 MeV/c2. Initial anisotropic distribution was generated
using v1 = v2 = 0.05
Case Event Plane v1 v2 v2
from
No scattering π± 0.045 ± 0.002 0.053 ± 0.003 0.052 ± 0.002
γlike 0.048 ± 0.003 0.050 ± 0.004 0.053 ± 0.003
Moderate scattering π± 0.048 ± 0.002 0.052 ± 0.003 0.052 ± 0.002
γlike 0.046± 0.003 0.055± 0.004 0.055 ± 0.003
Large scattering π± 0.047 ± 0.002 0.050 ± 0.003 0.050 ± 0.002
γlike 0.041 ± 0.003 0.056 ± 0.004 0.054 ± 0.003
There are large uncertainties in the total multiplicity, anisotropy, number
of muons from charm and beauty decays, total yield of J/ψ and the yield from
decays of higher mass resonances. We have carried out a systematic study
of the statistical error for various combinations of multiplicity, anisotropy,
number of added muons and J/ψ yield. Following the arguments in [1], this
systematic study has been carried out for an anisotropic absorption (with v2
= 0.05), a likely scenario envisaged at LHC energies. The anisotropy in pions
and kaons has also been chosen to be of the same magnitude. We do this
using the event plane from Nγ−like with moderate scattering, again the most
likely scenario for PMD within the ALICE experiment. Our ﬁndings are listed
below.
Background subtraction : The anisotropy parameters are very sensitive to
systematic errors on the J/ψ yield. If the background subtraction underesti-
mates (overestimates) the total yield by a certain percentage, then the mea-
sured anisotropy parameters increase (decrease) by approximately the same
percentage.
Increase in background : The uncertainty in the number of muons from
beauty and charm meson decays is a major factor aﬀecting the signiﬁcance,
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and thereby the statistical errors on all results. If the total yield of these
mesons increases, this will result in a greater yield of the muons at high pT ,
thereby increasing the background. Fig. 13 shows the percentage statistical
error on v2 as a function of the number of added muons.
Track reconstruction eﬃciency : The percentage statistical errors on the
anisotropy parameters increase by a few (∼ 1-2) percent when the track re-
construction eﬃciency reduces from 100% to 80%.
Decrease in J/ψ yield : The statistical error increases with decrease in
J/ψ yield, occurring either due to reduced production cross-section or due to
lower production at lower centralities. Thus for a (dNch/dη)max of 4000 and a
J/ψ yield reduced by the same ratio,the statistical error becomes about 12%.
Increasing the pseudorapidity density and decreasing the production cross-
section also has similar eﬀect. Due to increasing suppression with increasing
centralities, the ratio of J/ψ yield at diﬀerent centralities may not be the same
as the ratio of charged particle multiplicity at diﬀerent centralities. This will
further increase the errors on the estimated anisotropy parameters.
J/ψ’s as decay products of mesons : There are J/ψ’s from the decay of
higher mass mesons. These will be formed outside the nuclear matter and will
not have any comover absorption. If their contribution to the total observed
yield is 10%, then the resulting anisotropy values are 10% lower. Their eﬀect
is to decrease the anisotropy parameters by about the same percentage as
their contribution to the total yield. In an overall suppression scenario, the
number of these J/ψ’s will be comparable (or even more!) to the number
that is directly produced. However, if one knows their contribution, then it is
possible to correct for it to extract the original anisotropy.
Lower initial anisotropy : If the initial anisotropy present is 0.025, then
it is possible to recover the values to an accuracy better than 15%.
4.3 Required minimum signiﬁcance
We have investigated the eﬀects of background, initial ﬂow and tracking eﬃ-
ciency for two values of photon multiplicity. Fig. 14(a) summarises the results
of our investigations in terms of the signiﬁcance as a function of v2·f where
v2 is the anisotropy present and f is the fractional error on this parameter.
The signiﬁcance of a data sample depends upon large number of factors like
the signal, background, eﬃciency, which in turn depends on the actual J/ψ
yield and contribution from higher mass mesons. Diﬀerent points of the same
symbol denote diﬀerent values of number of added muons, and consequently
diﬀerent S/B ratios. This result has been obtained for 4×108 events. One can
see diﬀerent regions here. The error on the estimated parameter has a statisti-
12
cal error due to J/ψ yield, and a contribution due to ﬂuctuations in the event
plane determination. The results after correcting for the eﬀect due to event
plane ﬂuctuation is shown in Fig. 14(b). One observes that all points can be
described by a simple relation : Signiﬁcance ∼ 0.7/v2·f . This can be termed
as “Required minimum signiﬁcance” and allows one to deduce the number of
events required as a function of S/B, for a given anisotropy in J/ψ studied
with a given error.
For a given S/B and muon track reconstruction eﬃciency, signiﬁcance ∝
∼ √N event, one can use the above relation to deduce the number of events
required. For example, to measure an anisotropy of 5% with an accuracy of
10%, we need a signiﬁcance of 140. Comparing this with a signiﬁcance of 160
for the case where we have 1×10−2 J/ψ per event decaying into muon pairs
(for y > 0) and for S/B ratio of 0.23, we require only three-fourth the number
of events. However if we want to probe the same anisotropy with an accuracy
of 5%, the required signiﬁcance is 280 which can be obtained only with three
times as many events, namely 1.2×109 events.
4.4 Limitations and future investigations
The event plane determination using the PMD improves with increasing multi-
plicity and with increasing anisotropy. The value of resolution correction factor
decreases with decreasing anisotropy and decreasing multiplicity. If the RCF
decreases by half, then the corresponding error on the estimated anisotropy
parameters double.
Two important assumptions of this analysis are (i) azimuthal symmetry of
muon track reconstruction eﬃciency and (ii) azimuthal symmetry of eﬃciency
and purity of photon detection. The latter may not be achieved if the upstream
material has large azimuthal asymmetry.
Recently it has become necessary to relocate the PMD due to large
amount of upstream material presented by the TPC and ITS services. Ac-
cording to preliminary investigations, the most likely new position will be in a
higher pseudorapidity region ( within 2.5 ≤ η ≤ 3.5) and closer to vertex (at
z = 360 cm compared to the present distance of z = 580 cm). In this position
the PMD will be in front of the ion pump and most of the upstream material
is expected to be azimuthally symmetric. The relocation will result in (a) a
slightly reduced photon multiplicity, (b) a reduction in upstream material also.
Their role in the study of J/ψ anisotropy will be investigated later.
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5 Summary
In summary we have investigated the possibility to study the anisotropic ab-
sorption of J/ψ in the ALICE experiment using the event plane from the PMD
within a fast simulation procedure. Our investigations suggest that it may be
possible to study J/ψ anisotropy even to lower values for both ﬁrst and second
order cases. The limitations of the PMD, e.g., the eﬃciency and the purity of
the detected sample and scattering of incident particles from upstream mate-
rial, which increase the spread in the event plane determination, do not aﬀect
the results at the envisaged multiplicities at LHC energies. The ﬂuctuation in
the event plane can be corrected by resolution correction factor.
The study of J/ψ anisotropy depends on several factors, e.g., background
subtraction in the invariant mass spectra, increase in background due to charm
and beauty decays, track reconstruction eﬃciency for muons in the DiMuon
Spectrometer and the yield of J/ψ from higher resonances. A systematic study
of variation in these parameters suggests that the signiﬁcance of the data
(and hence the number of events required) follows a simple relation with the
anisotropy values to be studied and the associated accuracy. The demand for a
large data sample is governed by the J/ψ cross section and the branching ratio
in muon pairs. For one year of data taking, leading to 4×108 events, one can
study anisotropy of 5% with an accuracy of better than 10% for realistic values
of track reconstruction eﬃciency, J/ψ production cross-section and muon decay
branching ratios.
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Figure 1: η and pT distribution of pions and kaons in the region 0 ≤ η ≤6 and

















Figure 2: Multiplicity distribution of the charged particles and photons in the






























Figure 3: Rapidity and pT distribution of J/ψ’s in the region 0 ≤ y ≤6 and






0 1 2 3 4 5 6
all
2.5 ≤ yJ/ψ ≤ 4.0











Figure 4: Acceptance of J/ψ for diﬀerent cuts on the muons. The dashed-






















































Figure 5: Multiplicity distribution of positive and negative ’added’ muons,





































































Figure 7: (top) Invariant mass spectra of unlike sign and like sign muons for
1.3 · 106 events. The dotted lines show the region of the ﬁt. (bottom) The
invariant mass spectra (scaled to 4 · 108 events) in the region of the ﬁt. The
ﬁtted distribution to the signal and the background spectra are also shown.























Figure 8: S/B ratio and Signiﬁcance as a function of average number of muons











Figure 9: The Background spectra in twelve azimuthal bins with respect to
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Figure 10: Fourier analysis of the yield in diﬀerent mass regions to check the














Figure 11: The signal and the background spectra in twelve azimuthal bins (see
text) for 〈 nµ〉 = 5.1 and a 90% track reconstruction eﬃciency. The J/ψ yield











































Figure 12: Fourier analysis to determine anisotropy parameters for diﬀerent
cases of scattering and event plane determination. The three columns in every
row correspond to (i) no scattering, (ii) Moderate scattering with σδφ = 10
◦ and
σδη = 0.1, (iii) Large scattering with σδφ = 20
◦ and σδη = 0.2 These analyses
have been carried out for an event plane of (a) ﬁrst order from Nγ−like(b) ﬁrst
order from Nπ± (c) second order from Nγ−like(d) second order from Nπ±. The


















Figure 13: Percentage statistical error on v2 as a function of number of added
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Figure 14: (a) Signiﬁcance as a function of v2 · f where v2 is the anisotropy
to be probed with a fractional error f .(b) Same as (a) without the error due
to event plane determination. The ﬁtted curve corresponds to the minimum
Signiﬁcance required.
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